Introduction
have been conducted to identify the levels that best meet the nutrient requirements of swine. A wide range of information related to determining the requirements of total, available, and digestible phosphorus according to body weight group or production stage of pigs can be found in the literature. Among these studies, the tables of nutrient requirements, including the Dutch (CVB, 1998 ), French (INRA-AFZ, 2004 , Brazilian (Rostagno et al., 2011) , and American (NRC, 2012) tables are of particular note. However, although in sequential feeding it is important to adjust the diets to more accurately meet the nutrient requirements of swine, there have been relatively few studies that assessed diets containing different concentrations of digestible phosphorus and their effects on swine production. Consequently, this study was conducted to evaluate the effects of nutritional plans of digestible phosphorus on the performance and carcass characteristics of barrows of 30 to 100 kg.
Material and Methods
The research took place on an experimental farm in Terenos, Mato Grosso do Sul, Brazil (latitude 20º26'32" S and longitude 54º51'37" W). Research on animals was conducted according to the institutional committee on animal use (case number 495/2013).
R. Bras. Zootec., 47:e20170094, 2018 Eighty commercial crossbred (Duroc/Pietran × Large Withe/Landrace) barrows with an initial mean age of 70 days and initial mean body weight ranging from 31.9±2.5 to 102.5±7.6 kg were used.
The animals were allotted to a randomized block design, with five nutritional plans containing 2.19-1.86-1.71, 2.57-2.23-2.09, 2.94-2. 61-2.46, 3.32-2.99-2.84, and 3.70-3.36-3 .32 g of digestible phosphorus kg −1 of diet, respectively, for the phases of 30 to 50, 50 to 70, and 70 to 100 kg, with eight replications and two barrows per experimental unit. The experimental unit was the pen, and the blocks were established based on the initial body weights of the barrows.
The barrows were housed in a brick shed containing forty 1.15-m wide × 2.86-m long pens, with 1.65 m 2 of available space per animal, equipped with water troughs, semi-automatic feeders, and bite drinkers. Dry bulb, wet bulb, and black globe temperatures and relative air humidity (%) were measured daily at 08.00 and 16.00 h, at nine points along the height of the backs of the barrows, using a portable digital thermometer. The wet-bulb globe temperature (WBGT) index was calculated using the equation proposed by Buffington et al. (1981) .
The reference diets were formulated based on corn and soybean meal, according to the nutrient requirements of barrows, following the recommendations of Rostagno et al. (2011) . The feed total phosphorus concentrations were assessed by laboratory tests. The concentrations of digestible phosphorus used to prepare the experimental diets were based on the digestibility coefficients established by Rostagno et al. (2011) for growing pigs (Table 1) . Based on the reference diet ( ). All diets were supplemented with limestone as a source of calcium to maintain the constant calcium digestible phosphorus ratio.
Feed was provided ad libitum to the animals during the experimental period. Feed wastes were collected daily from the floor, weighed weekly, and added to the leftovers at the end of each experimental phase to determine the average daily feed intake.
The barrows were weighed at the beginning (31.9±2.5 kg), (47.9±3.4 kg), and (82.8±6.3 kg), and end (102.0±7.6 kg) of the experimental period to calculate the weight gain and feed conversion. The digestible phosphorus intake was determined using the feed intake values [phosphorus concentration (%) × daily feed intake]/100.
At the end of the experimental period, the animals were subjected to fasting for 12 h. Thereafter, the barrows were weighed and transported to the slaughterhouse where they remained in resting pens for 4 h. After this period, they were slaughtered according to the management standards and slaughter procedures in force in Brazil, in accordance with the Ministry of Agriculture, Livestock and Food Supply (MAPA) legislation.
At the end of the slaughter line, the carcasses were halved longitudinally along the dorsal-lumbar spine, and both halves were weighed. The backfat and Longissimus dorsi muscle depth were then measured in the left half carcass at point P2 using a digital caliper.
The carcass lean tissue percentage was calculated using the following equation: Lean tissue (%) = 65.92 -[(0.685 × backfat, mm) + (0.094 × muscle depth, mm) -(0.026 × cold carcass weight, kg)], according to the method adopted by Oliveira et al. (2013) ; lean tissue mass (kg) = (hot carcass weight × lean tissue, %)/100; daily lean tissue deposition (g) = (final lean mean weight, kg -initial lean tissue weight, kg)/experimental period.
The data collected were subjected to analysis of variance considering the initial body weight of the barrows as a covariate. The assumptions of error normality and homoscedasticity were met in the statistical model regarding the study characteristics performance and carcass. Possible differences in study variables between diets were assessed using the Tukey test at 5% significance, and the tests were performed using SAS (Statistical Analysis System, version 9.1) statistical software. 
Results
During the experimental period, the average values of mean, maximum, and minimum air temperatures; relative air humidity; and wet-bulb globe temperature (WBGT) index were 25.60±4.65 °C, 30.66±3.63 °C, and 19.31±3.48 °C; 65.34±18.00; and 76.60±5.5, respectively.
The nutritional plans of digestible phosphorus had no effect (P≥0.01) on the final weight, daily feed intake, daily weight gain, or feed conversion of the barrows (Table 3) . The daily intake of digestible phosphorus increased (P≤0.05) according to the increase in the level of phosphorus in the diet.
The nutritional plans had no effect (P≥0.01) on carcass backfat, percentage, and mass, or on carcass lean tissue deposition (Table 4) . Muscle depth was affected (P≤0.05) by the level of digestible phosphorus in the diet, in which the nutritional plan with 3.70-3.36-3.32 g of digestible phosphorus kg -1 presented greater depth in relation to the basal plan with 2.19-1.86-1.71 g kg -1 .
Discussion
The mean temperature recorded during the experimental period (25.62±4.65 °C) was higher than the upper critical temperature recommended by Huynh et al. (2005) and Leal and Nããs (1992) . According to these authors, temperature values considered optimal for the welfare of growingfinishing pigs (from 30 to 100 kg) range from 18 to 12 °C.
The value for the WBGT e index obtained in the present study was higher than the mean calculated by Tinôco et al. (2007) , when assessing swine at the same stages. The authors described this value as critical for swine because it provides strong evidence of heat stress. High temperature and WBGT predispose swine to unfavorable conditions of welfare, thereby affecting their performance.
The daily feed intakes reached by pigs fed the five diets were lower than the values reported in the literature (Rostagno et al., 2011 ): 1.960, 2.450, and 2.930 kg daily feed intake for 30-50, 50-70, and 70-100 kg swine, respectively. However, although different from the findings of Rostagno et al. (2011) , these values are similar to those observed in the swine industry. In the present study, the animals consuming the nutritional plan containing the basal diets with 2.19-1.86-1.71 g of digestible phosphorus kg −1 had feed intake similar to that of barrows fed the nutritional plan with the highest concentration of digestible phosphorus (i.e., 3.70-3.36-3.32 g kg −1 ), which indicates that the lowest concentration of the mineral had no adverse nutritional effect on the feed intake.
Similarly, Hastad et al. (2004) also observed no effect of available phosphorus concentration on the feed intake of pigs weighing from 88 to 109 kg randomly allotted to five dietary treatments containing 1.80, 2.20, 2.50, 2.90, or 3.20 g kg −1 available phosphorus. Conversely, Stahly et al. (2000) reported a positive effect (P≤0.05) of the dietary concentration of available phosphorus on daily feed intake, which ranged from 1.05 to 3.00 kg in the four study stages, in swine with body weights ranging from 9 to 119 kg.
The results of previously published studies show that phosphorus is involved in feed intake control because low phosphorus levels lower the basal metabolism, thereby decreasing appetite. According to Parmer et al. (1987) , dietary phosphorus deficiency may adversely affect feed intake because of the decrease in growth and thyroid hormone synthesis and release, particularly triiodothyronine (T3). However, a decrease in effective intake will only occur in cases of extreme deficiency (Reinhart and Mahan, 1986) .
In the present study, barrows fed the 2.19-1.86-1.71 g kg
diet had feed intake similar to that of barrows fed the 3.70-3.36-3.32 g kg −1 diet, showing that the decreased supply of digestible phosphorus caused no deficiency or decrease in voluntary intake. This finding may be explained by the probable change in nutrient requirements of swine that have been subjected to constant genetic breeding programs for improved nutrient uptake efficiency. Therefore, their requirements for this mineral could be lower than those currently recommended in the literature.
This context underlines the importance of studying diets for sequentially fed growing pigs because, according to the literature, these diets more efficiently meet the nutrient requirements, primarily through the metabolic effects that specific nutrients provided during growth may have on the subsequent growth stages (Kill et al., 2003; Main et al., 2008) .
The barrows sequentially fed the 2.19-1.86-1.71 g kg
diet had a 30% lower intake of digestible phosphorus than animals subjected to the 2.94-3.61-2.46 g kg −1 dietary treatment, without any effect on their performance. Because no increase in daily feed intake was observed, the results suggest that the response is linked to the dietary concentration of digestible phosphorus. of barrows sequentially fed the 2.19-1.86-1.71 g kg −1 diet in the phases of 30 to 50, 50 to 70, and 70 to 100 kg was similar to the mean value of 390.00 g recommended by the NSNG (2010) for barrows weighing from 20 to 110 kg with high genetic potential for lean tissue deposition.
Phosphorus concentrations suitable for growing-finishing pigs must meet the nutrient requirements for performance, maximize muscle tissue growth, yield carcasses with high allowance index, and lower production costs. Therefore, the findings of the present study suggest that, despite the effect of increased dietary concentration of digestible phosphorus on improved muscle depth, the basal nutritional plan containing 2.19-1.86-1.71 g kg −1 digestible phosphorus is best suited to meet the nutrient requirements for performance and carcass characteristics due to the decreased feed and mineral intake of barrows weighing from 30 to 100 kg with high genetic potential for lean tissue deposition.
Conclusions
The nutritional plan containing 2.19-1.86-1.71 g kg
of digestible phosphorus meet the nutrient requirements for performance and carcass characteristics of barrows weighing from 30 to 100 kg.
However, the nutritional plan of digestible phosphorus used in the present study (2.19-1.86-1.71 g kg −1 ) was lower than those reported by Rostagno et al. (2011) , who recommended a daily intake of 5.97, 6.56, and 7.28 g digestible phosphorus for barrows weighing from 30 to 50, 50 to 70, and 70 to 100 kg, respectively, with a high potential for lean tissue deposition. Similarly, the NRC (2012) advocated daily intake values higher than those assessed in the present study, which are 4.59, 5.71, and 6.00 g kg −1 digestible phosphorus for barrows weighing 25 to 50, 50 to 75, and 75 to 100 kg, respectively.
The daily weight gain and feed conversion of barrows sequentially fed 2.19-1.86-1.71 g kg −1 digestible phosphorus were similar to those of the other dietary treatments, which suggests that the dietary concentrations of phosphorus at the three stages meet the nutrient requirements for performance. According to Stahly (2007) , dietary phosphorus concentrations lower than the requirements of swine may change the carcass muscle-to-fat ratio, thereby increasing the body fat content, impairing weight gain, and decreasing feed efficiency and/or conversion. Studies conducted by Reinhard and Mahan (1986) showed that low dietary phosphorus concentrations adversely affect the weight gain and feed efficiency of growing pigs.
Similarly, studies conducted by O'Quinn et al. (1997) with pigs weighing from 25 to 50, 50 to 80, and 80 to 118 kg showed that the diets should not have concentrations of available phosphorus lower than 2.10, 1.90, and 1.60 g kg −1 , respectively. Muscle depth increased with the dietary concentration of digestible phosphorus. The results of the present study corroborate the findings of Traylor et al. (2005) , who assessed crossbred pigs weighing from 45 to 110 kg. However, according to studies by Arouca et al. (2010) , a daily dose of 3.50 g kg −1 available phosphorus is recommended to meet the nutrient requirements of swine weighing from 60 to 95 kg.
Although the diet with the highest concentration of digestible phosphorus led to increased muscle depth, a positive effect on this variable alone is insufficient to recommend this dose because the barrows sequentially fed the 2.19-1.86-1.71 g kg −1 diet showed results for all performance variables and most carcass characteristics similar to those fed the diet with intermediate digestible phosphorus concentrations, which are close to the values recommended by Rostagno et al. (2011) and even similar to those fed the diets with the highest concentrations of digestible phosphorus tested (3.70-3.36-3.32 g kg −1 ). Although no significant difference was observed among treatments, the lean tissue deposition measured in the carcass
